Objectives The role of antioxidants in survival of cancer patients is controversial. No data on the relationships between antioxidant intake and survival of glioma patients are available. Our objective was to examine such association in a large series of cases. Methods The study population includes 814 glioblastoma multiforme cases that were newly diagnosed, histologically confirmed, aged 20 or older, and residing in the San Francisco Bay Area at diagnosis. Cases were identified via the regional cancer registry's rapid case ascertainment system during 1991-1994 (series I), 1997-2000 (series II), and 2001-2004 (series III). Daily dietary antioxidant intake at diagnosis was assessed via food-frequency questionnaire and was expressed as total antioxidant index, calculated based on Trolox equivalent per gram of food. In addition, the study collected information on supplements/vitamin intake. Results Overall, our results indicated no consistent, significant association of survival with dietary antioxidant intake or its combination with vitamin supplements. However, in series III, we observed a significant association between higher antioxidant index and better survival: HR = 0.58 (95% CI: 0.46, 0.74) for each unit of antioxidant index on a log-scale. Conclusions Although it is possible that this is a chance finding, the association between dietary antioxidants and survival in the most recently recruited patients warrants further investigations.
Introduction
Glioblastoma multiforme (GM) is one of the most rapidly fatal cancers [1] . As current standard treatments provided limited improvements in survival, even small improvements due to lifestyle factors could be a significant contribution. However, the research on the role of the lifestyle Novelty and impact The most important role of this work is to raise a question whether dietary and other life-style risk factors can improve the survival of glioma patients. With such poor prognosis, even very modest improvement in survival is an important contribution. If published, our analysis would become the first scientific statement on this topic. Clinicians have asked us whether dietary factors or vitamin supplementation during chemotherapy might help or hinder response; but there is no published data on this topic for glioma patients to answer their questions.
factors for survival after glioma diagnosis is very limited. To the best of our knowledge, this manuscript is the first to attempt to analyze the relationship between dietary factors and survival of glioma patients.
Our analysis focuses on antioxidant intake among a large group of GM patients, because earlier studies demonstrated that glioma risk may be reduced by higher dietary intake of antioxidants [2] [3] [4] [5] [6] . Furthermore, although there is extensive debate and clinical trial evidence regarding the influence of antioxidant supplementation during radiation and chemotherapy for other cancer sites [7] , only one previous study considered such factors with respect to glioblastoma [8] . Lissoni et al. [8] showed improved survival for GM patients receiving melatonin during radiation therapy. Two opposing hypotheses about the effects of antioxidants on survival of glioma patients can be formulated [7] : (a) antioxidants may make the glioma more resistant to tumor killing by radiation or chemotherapy [7] possibly leading to poorer patient survival or (b) antioxidants may reduce treatment toxicity by protecting normal tissues from oxidative damage possibly leading to better survival [9] . Supporting the first hypothesis, studies showed that glioma cells have amplified antioxidant defense (i.e., increased expression of antioxidant enzymes) [10] [11] [12] [13] , which is responsible for their resistance to radiation [14] [15] [16] and is associated with shorter survival [17, 18] . On the other hand, a recent animal study suggests that aggressiveness of glioma can be reduced by dietary antioxidants [19] .
In order to assess dietary intake of antioxidants, we calculated the total antioxidant index. This methodology is based on the concept that diet presents a complicated mixture of single antioxidants. Thus, comparison of individual diets with respect to their antioxidant capacity requires a unifying scale. Trolox equivalent assay provides a standardized and validated measurement of antioxidant capacity for each food [20] [21] [22] [23] [24] . We used the Trolox equivalent to calculate the total antioxidant index in our analysis.
To explore evidence for or against a beneficial effect of antioxidants on survival of glioma patients, we examined the associations between total dietary antioxidant index and survival of 814 GM patients from the population-based San Francisco Bay Area Adult Glioma Study.
Materials and methods
The University of California Committee on Human Research approved the methods (approval number H6539-04956) and subjects signed consent forms for the study. The San Francisco Bay Area Adult Glioma Study is a population-based cases-control study; its population, 1991-2004, is described in detail elsewhere [2, 5, [25] [26] [27] [28] [29] . Newly diagnosed, histologically confirmed GM cases aged 20 years or older and residing in the San Francisco Bay Area at diagnosis were identified using the regional cancer registry's rapid case ascertainment system during three ascertainment periods: August 1991-April 1994 (series I), May 1997-August 2000 (series II), and November 2001-September 2004 (series III). The present analysis is restricted to GM patients.
The total antioxidant index expressed as Trolox equivalents per gram of food was calculated using data from several references [20, 24, 30] as described previously by Tedeschi-Blok et al. [2] . Briefly, food-frequency questions were based on the US National Cancer Institutes' (Block's) health habits and history questionnaire; these questions were modified to emphasize antioxidant, nitrite, and nitrate-containing foods. For cases, all questions referred to the year prior to glioma diagnosis, whereas for controls-to the year prior to interview. Total daily intake of foods containing antioxidants was calculated based on food-frequency dietary questionnaires which included a total of 35 items of fruits, vegetables, juices, and teas in series II or III questionnaires, but only 22 of these 35 food items in series I. Total calorie intake was calculated by summation of calorie intake for individual foods using available on line (http://www.nal.usda.gov/fnic/foodcomp/Data/SR13/sr13. html), the USDA Nutrient Database for Standard Reference (1999) to convert each food intake in gram into calorie content. Questions about vitamin supplement use were asked in all three series of the study.
Statistical analysis was performed in SAS v9.1.3 (SAS Institute, Cary, NC). Kaplan-Meier methods were used to compute median survival. Other descriptive statistics were generated using standard SAS procedures such as ''proc freq,'' ''proc means,'' and 'proc univariate.'' Cox proportional hazard models estimated relative hazard and the 95% confidence intervals associated with the total antioxidant index, either expressed in the original units or in log-transformed units (Models 1 and 2, respectively). We also categorized the total antioxidant index in four equally spaced categories with the increment between the categories of 1,500 units (Model 3). The increment of the total antioxidant index equal to 1,500 units seems reasonable, because such interval includes different combinations of foods and drinks that can be either incorporated or omitted in the individual diet. One such example is illustrated in Fig. 1c . For Model 3, we calculated p value for trend using median for each category as data point. Also, we created combined categories for antioxidant index and vitamin/supplement intake with four combinations of low and high total antioxidant index (cut point at the median) and regular vitamin/supplement use (yes/no) (Model 4). Models 1, 2, and 3 adjusted for age (years), gender, ethnicity (white/other), series, treatments (resection, radiation, temodar, and other chemotherapy), total calorie intake, proxy responder (yes/no), and regular vitamin/supplement use (yes/no). Model 4 adjusted for all these factors except vitamin supplement use. We also restricted models to series III patients who received what has become the current standard of care treatment, that is, any type of resection plus radiation therapy with Temodar.
Results
The data collection for this study has been conducted longer than a decade-from 1991 to 2004. The basic demographic characteristics (age at diagnosis, proportions of males and white patients) of GM patients did not change substantially during that time period (Table 1) Fig. 1 ) are due to there being fewer food items on the questionnaire for that period. However, most frequently consumed foods containing antioxidants were the same in all three series. We calculated percent of GM cases that consumed antioxidantcontaining foods at least once a week. Among foods with the antioxidant score [10 Trolox equivalent units per serving, the most frequently consumed foods were black tea (30-45% in three series) and broccoli (48-60%). Among foods with the antioxidant score 4-10 Trolox equivalent units per serving, the most frequently consumed foods were green salad (81-89%) and potatoes (63-74%). Among foods with the antioxidant score \4 Trolox equivalent units per serving, the most frequently consumed foods were tomatoes (67-82%) and bananas (72-74% for Series II and III only). The distribution of the antioxidant index is consistently skewed in all three series with a long tail at the high end (Fig. 1a) , whereas the distribution of log-transformed antioxidant index is symmetrical (Fig. 1b) .
As expected, older patients consistently had worse survival (hazard ratio estimates per year of age ranged from 1.02 to 1.03, p \ 0.05), while those with any type of resection and radiation treatment had better survival (hazard ratios were between 0.3 and 0.7, p \ 0.05, for resection and between 0.1 and 0.3, p \ 0.05, for radiation therapy).
The main analysis is presented by results from Models 1 and 2 (Table 2 ). These models combined for series I-III showed no association between survival and the antioxidant index (Table 2 , Models 1 and 2). These results did not change when we broadly stratified the analysis by age (with median age of 62 as a cut point), gender or by race (restricted models to whites only). Interestingly, the same models with minimum covariates (only age and gender) showed a weak association with dietary antioxidant intake: for all series, HR = 0.96 (95% CI: 0.93, 0.99) in Model 1 and HR = 0.88 (95% CI: 0.79, 0.97) in Model 2. Since total antioxidant index was higher in series II and III, we also combined series II and III: no association was detected by Model 1 (HR = 0.95, 95% CI: 0.91, 1.0), but a weak inverse association was detected by Model 2 (HR = 0.78, 95% CI: 0.66, 0.92). In series III, there was a weak but statistically significant association of better survival with increased antioxidant intake ( Table 2 , Models 1 and 2). When models for series III were restricted to those who a TAI scaled such that HR represents a 1,000 unit change. In Models 1-3-covariates included age, gender, ethnicity, series, proxy-reporting, treatment (resection, radiation, temodar, and other chemotherapy), total calorie intake, and regular vitamin/supplement use (yes/no); In Model 4-covariates included all the covariates used in Models 1-3 except regular vitamin/supplement use (yes/no), which was part of the main exposure b 1,500 TAI units correspond approximately to one cup of green (*800) or black (*900) tea plus one serving of Brussels sprouts (*500) plus one serving of carrots (*150) c High TAI is above median, low TAI is equal or below median received the current standard of care (resection/radiation/ temodar), the association of survival with the antioxidant index moved towards the null; the reduction in the inverse association was 43 and 49% in models 1 and 2, respectively. Limiting Models 1 and 2 to self-report (excluding proxy-responders) did not change the HR estimates substantially for all series and for series I and II; for series III, this restriction resulted in approximately 40-45% attenuation of the association. Dose-response analysis using categories (Table 2 , Model 3) showed no dose-response trend overall and in series I and II: p values for trend were 0.83 for all series and 0.11 and 0.37 for series I and II, respectively. In series III, this analysis showed noticeable improvement in survival associated with the increase of 1,500 units in total antioxidant index; however, further increase in dietary antioxidant intake was associated with smaller improvements in survival (p value for trend was 0.01). Examination of antioxidant intake from diet and from vitamins/supplements did not indicate a complementary effect in series I and II (Table 2 , Model 4). However, there was a suggestion of complementary effect of the antioxidants from different sources in series III (Table 2, Model 4).
Discussion
The role of antioxidants in survival of cancer patients is controversial, with some studies suggesting associations with better survival and others suggesting associations with worse survival [7] . However, these studies did not include GM patients. This analysis included a large number of GM patients recruited over a 14-year period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) ) in three series, in which the standard of care for these patients changed. Our GM patients were similar to GM patients from other studies, with the expected associations of survival with age, resection, radiation treatment, and temodar therapy. Such similarity with the other populations of GM patients and the population-based study design suggests these results are generalizable to other GM patients. Overall, our results indicated no consistent, statistically significant association of survival with dietary antioxidant intake or the combination of dietary antioxidant intake and vitamin supplements. Thus, the combined analysis does not support an association of antioxidant intake and survival. However, in series III, we did observe a weak but statistically significant association between higher antioxidant index and better survival. This association tended to be more pronounced when antioxidant index was analyzed in log-scale or categories. Taking into account that both modeling techniques reduce the influence of high-end values, such tendency suggests that a potential effect of dietary antioxidants might be beneficial only to a certain degree, with such effect fading at very high values. The association of antioxidant intake with better survival in series III remained but became non-significant and moved towards the null when analyses were restricted to patients on current standard therapy.
It would be logical to examine the association between antioxidants and survival in patients who received treatment that generates reactive oxygen species (ROS). Certainly, radiation treatment involves generation of ROS. However, restriction of the models to patients who received radiation is not meaningful, because 85% of patients received radiation leaving only a small group for comparison. Temodar works through conversion at physiologic pH to the active metabolite 5-(3-methyl)-1-triazen-1-yl-imidazole-4-carboxamide (MTIC) [31] , a reactive DNAmethylating compound. The connection between oxidative environment and the mechanism of Temodar's action has not been studied.
The most puzzling finding of this analysis is inconsistency between the series. We demonstrated that difference in treatment, i.e., temodar, is not responsible for the observed inconsistency. Several factors may either obscure true associations or enhance false associations; these include the inherent misclassification problems with retrospective recall of diet and potential confounding of diet with other factors that might influence either treatment or survival. For example, retrospective recall of diet could be inaccurate and introduce a random error, which would result in attenuation of a true association. On the other hand, the differential accuracy of recall could introduce a systematic error. Patients in better condition may have recalled diet with better accuracy and lived longer than patients in worse condition, whose accuracy suffered and whose survival was shorter. Such systematic difference in recall could produce a spurious association. Also, this inconsistency may reflect chance findings. Nevertheless, the finding of a suggestive association between antioxidants and better GM survival in the most recently recruited patients is important, taking into account the generally poor prognosis for GM. It may be worthwhile to obtain a more definitive answer to the question of whether dietary antioxidants improve GM survival by conducting a prospective study in a larger group of patients receiving the current standard of care treatment.
